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Background: The theoretical, but especially the practical values of identifying the biochemical compounds from
the Rosa canina L. fruits are of present interest, this aspect being illustrated by the numerous researches. It was
reported that the Rosa canina L. fruit, with its high ascorbic acid, phenolics and flavonoids contents, have
antioxidant, antimutagenic and anticarcinogenic effects.
This study was performed on order to evaluate the amount of the main phytochemicals (vitamin C, total
polyphenols, and total flavonoids) content and their antioxidant activity.
Results: The results obtained revealed that the average amounts of vitamin C within the studied genotypes were:
360.22 mg/100 g frozen pulp (var. transitoria f. ramosissima, altitude 1250 m) and 112.20 mg/100 g frozen pulp
(var. assiensis, altitude 440 m), giving a good correlation between the vitamin C content of the rosehip and the
altitude. The total polyphenols content varied from 575 mg/100 g frozen pulp (var. transitoria f. ramosissima) to
326 mg/100 g frozen pulp (var. lutetiana f. fallens). The total flavonoids content showed the highest value for
var. assiensis variant 163.3 mg/100 g frozen pulp and the lowest value attributed to var. transitoria f. montivaga
101.3 mg/100 g frozen pulp. The antioxidant activity of eight rose hip extracts from wild Transylvania populations
was investigated through DPPH method. The antioxidant activity revealed a good correlation only with vitamin C
content and total polyphenols.
Conclusion: Eight Rose hip fruit species were compared taking into consideration the ascorbic acid, total
polyphenols, total flavonoids contents and their antioxidant activity. Based on these results, two of the rosehip
genotypes that were analysed could be of perspective for these species’ amelioration, due to their content of
phytochemicals mentioned above. These varieties are var. transitoria f. ramosissima (Bistrita-Nasaud, Agiesel) and
var. transitoria f. montivaga (Bistrita-Nasaud, Salva) which can be used as a potential source of natural antioxidants.
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The genus Rosa contains over 100 species that are
widely distributed mostly in Europe, Asia, the Middle
East and North America [1]. Rosa canina L. (dog rose) is
an erect shrub of up to 3.5 meters height, sometimes
climbing; its branches are often curved or arched. Petals
are white to pale pink, rarely deep pink and fruit ripens
late [2]. Information about the biology and biochemistry* Correspondence: andreea7s@yahoo.com
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reproduction in any medium, provided the orof Rosa canina L. has allowed a good documentation by
presenting it in several ways (botanical, agrotechnical,
chemical composition and uses).
The Rosa canina L. fruits have constituted an import-
ant source of food and medicine for many cultures.
Common food preparations using rose hips include
juice, wine, tea, jelly, jam, as well as mixed with dried
salmon eggs [3].
The dog rose hips (Cynosbati fructus) comprise several
biologically active compounds, such as: sugars, organic
acids, pectins, flavonoids, tannins, carotenoids, fatty acids,
vitamins (particularly vitamin C and also vitamins B1, B2,
K, PP, E), macro- and microelements etc. [4,5]. Theral Ltd. This is an Open Access article distributed under the terms of the Creative
commons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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Rosa canina L. fruits (rosehips) in order to investigate
potential uses [4]. In the scientific literature, the vitamin C
content in rose hips is reported to far exceed the one found
in citrus fruits [4,6]. Rose hips are known to have the
highest vitamin C content (30–1300 mg/100 g) among
fruits and vegetables [7]. In addition, rose hips contain
other vitamins and minerals, carotenoids, tocopherols,
flavonoids, fruit acids, tannins, pectin, sugars, organic acids,
amino acids and essential oils [8,9]. Indigenous traditional
knowledge and western science have revealed its potential
for significant nutritional and therapeutic benefits among
natural antioxidants [10].
Rosa canina L. is well-known for its high phenolic con-
tents. These compounds are known to have antioxidant,
antimutagenic and anticarcinogenic effects. Polyphenol
compounds are potential antioxidant substances and
protective agents against the development of human
disease [11,12].
Recent studies revealed that the Rosa canina L. extracts
were effective on growth inhibition and biofilm forma-
tion in methicillin-resistant Staphylococcus aures (MRSA)
[13,14].
Its seeds are rich in oil and mineral substances. The fatty
acids from the dog rose oil are mainly: the linoleic, oleic,
linolenic, palmitic, stearic and arachidonic acid [15].
Fruits (hips) have long been used in the traditional pre-
vention and therapy of common cold and other infections,
as a diuretic agent and for the treatment of various inflam-
matory diseases. So far, none of these indications of clinical
effectiveness have been proved except for osteoarthritis
[16-18]. Citing recent results of other authors’ research,
Kiliçgun and Dehen [19] stated that the hips display an
anti-inflammatory, antioxidant and anti-mutagen effect.
Indigenous traditional knowledge and western science have
revealed the potential of nutritional and therapeutic bene-
fits among natural antioxidants [10]. The substances within
the dog rose fruit (hips) are endowed with vitaminisant,
astringent, colagogue, choleretic, diuretic, antidiarrhoea,
antioxidant properties, etc. [20]. Moreover, the research
done by Orhan et al. [5], showed that the dog rose hips
also have antidiabetic properties (probably due to their
monosaccharids, oligosaccharids and pectins content).
Many works dealing with the nutritional value and
chemical composition of some rose species fruits, espe-
cially Rosa canina L., have been published, but no
detailed study concerning the variation of biochemical
composition of rosehip based on the biotype or form in
different climatic conditions has been done.
National research concerning the biochemical com-
position of wild rose fruit pointed out the value of bio-
chemical aspect only at the species level and not at the
biotypes level. The purpose of this study was to compare
the chemical composition of eight forms of Rosa caninaL. from Transylvania and to estimate the possibility of
rose hips fruits’ using in food and food additive sectors.
Results and discussion
Ascorbic acid
The HPLC/UV–vis system was used to evaluate the
concentration of ascorbic acid in frozen rose hips pulp,
with L-ascorbic as standard for the calibration curve
(R2 = 0.9949). The HPLC chromatograms of the standard
L-ascorbic acid and L-ascorbic acid from frozen rose hips
pulp of RC1 (var. transitoria f. ramosissima) are presented
in Figure 1.
The amounts of ascorbic acid in samples (frozen rose
hips pulp) are presented in Table 1 and Figure 2. Regarding
the content of vitamin C, the results have large variability
between the average amounts of vitamin C within the stud-
ied genotypes: 360.22 mg/100 g frozen pulp for RC1
(var. transitoria f. ramosissima Bistrita-Nasaud, Agiesel,
altitude 1250 m) followed by RC2 (var. transitoria f.
montivaga Bistrita-Nasaud, altitude 950 m), while the low-
est concentration was obtained for RC5 (var. assiensis Cluj,
altitude 440 m), respectively 112.20 mg/100 g frozen pulp.
These results are in agreement with the literature data.
The concentration of ascorbic acid in different rose
species was reported to be of 106–2712 mg/100 g fresh
pulp in some studies conducted in different agro-climatic
regions of Turkey [4,9,21-26]. Also, Novajan et al. [27]
reported that the ascorbic acid amount found in rose hip
varied between 211–417.5 mg/100 g. fresh pulp, which is
in agreement with our results. Other studies reported
higher values of ascorbic acid, for example, Jablanska-Rys
et al. [28] (1252 mg/100 g fresh pulp), Rosu et al. [29]
(643 mg/100g fresh pulp), or lower amounts of vitamin C
between 40–47 mg/100 g fresh pulp [30,31].
The vitamin C content is one of the most important
features in the rose hip study areas. Differences in ascor-
bic acid contents could result from the variations in alti-
tude, species, variety, ecological factors, and harvesting
period [23]. The decrease in vitamin C content in plants
may also be the result of the environment oxygen level,
the amount of light reaching the plants, variations in en-
dogenous plant growth regulators and the temperature.
The rose hips frozen fruits have a lower content of
vitamin C than fresh fruit - approximately 30.1% when
compared with literature data [9].
Our study revealed the increase in vitamin C content with
altitude; the highest concentration of ascorbic acid being
found in RC1 (360.22 mg/100 g) and RC2 (347.50 mg/
100), situated in the same region of Transylvania (Tibles
Mountain and Salva) at 1250 m, respectively 950 m
(Table 1 and Figure 2). The lowest concentration in
vitamin C determined for RC5 (112.20 mg/100), a variety
that grows in Cluj-Napoca, could be attributed to the
polluted air or soil of this city. Differences are also





















Figure 1 HPLC-UV–vis chromatograms of the standard L- ascorbic acid (tR = 3.2 min) and L-ascorbic acid from frozen pulp rose hips
(RC1-var. transitoria f. ramosissima) (tR = 3.1 min).
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RC5 regarding the colour, fruit shape, fruit taste, flesh
content, presence or absence of thorns. Some authors
[32] assert that the taxonomic assignment level lower
than species (i.e. subspecies and variety) plays a great role
in what concerns the level of vitamin C in rose hips.
The literature data shows important differences in the
content of ascorbic acid in the hips of roses from the
Caninae section [33]. Rosa canina L. usually has low content
of ascorbic acid (510 mg/100g) when compared to other
studied species, such as Rosa drumalis, Rosa villosa [34].
Significant differences were found in the vitamin C
content of all the rose hips’ varieties that were analysed
(p<0.05).
Total polyphenol content (TPC)
The polyphenol compounds are important plant-
constituents because of their free radical scavengingTable 1 The ascorbic acid concentrations in frozen rose hip p
Sample Variety and form
RC1 var. transitoria f. ramosissima (Bistrita-Nasaud Agiesel)
RC2 var. transitoria f. montivaga (Bistrita-Nasaud, Salva)
RC3 var. andegavensis f. transsilvanica (Salaj, Buciumi)
RC4 var. andegavensis f. vinealis (Bistrita-Nasaud, Beclean)
RC5 var. assiensis (Cluj, Manastur)
RC6 var. lutetiana f. fallens (Satu-Mare, Petea)
RC7 var. lutetiana f. flexibilis (Cluj, Feleac);
RC8 var. lutetiana f. psilogyna (Arad, Galsa)
Values are mean ±SD, n=3; in each column, mean values with different letters are s
Identical letters denote the lack of statistically significant differences at p<0.05.ability, facilitated by their hydroxyl groups. Total poly-
phenolic content (TPC) was estimated and expressed
using the Folin–Ciocalteu method. Gallic acid was used
as standard and the results (as gallic acid equivalent,
mg/100 g frozen pulp) were expressed as means ± stand-
ard deviation of triplicate analysis.
Table 2 and Figure 3 depict the total polyphenols con-
tent of the extracts that were analysed. The total poly-
phenols content of the Rosa canina L. hips extracts
registered values between: 575.0 mg GAE/100 g for RC1
(var. transitoria f. ramosissima from Bistrita-Nasaud,
Agiesel) and 326.5 mg GAE/100 g for RC6 (var. lutetiana
f. fallens from Satu-Mare, Petea). High concentrations of
total phenolics were also found in the extracts of RC2
(var. transitoria f. montivaga (Bistrita-Nasaud, Salva)
548.0 mg GAE/100 g, followed by RC4 (var. andegavensis
f. vinealis (Bistrita-Nasaud, Beclean) 534.5 mg GAE/
100 g.ulp
Altitude (m) Ascorbic acid (mg /100 g )








ignificantly different at p < 0.05.
Figure 2 Ascorbic acid content in RC1, RC2, RC3, RC4, RC5, RC6,
RC7, RC8 rose hip samples.
Figure 3 Total polyphenols content in RC1, RC2, RC3, RC4, RC5,
RC6, RC7, RC8 rose hip samples.
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such as: Nowak et al. [35], who obtained 990 mgGAE/
100g dry plant, Fattahi et al. [36] with an average of 199
mg GAE/100g and Yoo et al. [37], who reported 818 mg
GAE/100g fresh fruit. Duda-Chodak et al. [38], who
studied the content of the main bioactive compounds in
15 herbal products used for their antioxidant activity,
like oak bark, elder fruits, dog rose, reported for Rosa
canina L. the lowest concentration in total polyphenols,
an average of 110 mg/100g dry fruits. Same results were
obtained by Yilmaz et al. [39] for rose hip 102 mg/100 g
dry fruits, Coruh et al. [40], who reported 78.13 mg
GAE/100 g dry weights, data which are lower than in our
study. Ercisli [9] reported an average that is much higher
than ours in what concerns the polyphenols in rose hip,
about 9600 mg/100 g dry fruit.
According to these results, the total polyphenols of
Rosa canina L. are higher than blueberry (2.7-3.5 mg/g),
black currant (3–4 mg/g) or raspberry (2.7-3.0 mg/g),
reported by Heinonen, Meyer and Frankel [41]. The
content of the phenolic shows that the rose hips couldTable 2 Total polyphenols content in frozen rose hip pulp
Sample Variety and form mg GAE/100 g
frozen pulp
RC1 var. transitoria f. ramosissima (Bistrita-Nasaud Agiesel) 575.1±14.64a
RC2 var. transitoria f. montivaga (Bistrita-Nasaud, Salva) 548.3±11.31a
RC3 var. andegavensis f. transsilvanica (Salaj, Buciumi) 343.4±12.02d
RC4 var. andegavensis f. vinealis (Bistrita-Nasaud, Beclean) 534.7±18.50a
RC5 var. assiensis (Cluj, Manastur) 335.5±11.31d
RC6 var. lutetiana f. fallens (Satu-Mare, Petea) 326.3±5.65d
RC7 var. lutetiana f. flexibilis (Cluj, Feleac); 472.6±13.40b
RC8 var. lutetiana f. psilogyna (Arad, Galsa) 424.8±9.89c
Values are mean ±SD, n=3; in each column, mean values with different letters
are significantly different at p < 0.05.
Identical letters denote the lack of statistically significant differences at p<0.05.be considered a very good source of this compound
compared to other fruit species.
The differences among the rose species regarding the
phenolics compounds could be due to genetic deriv-
ation, because all plants were harvested in the same
period (september-october), but in different ecological
conditions. It was reported that the plant genotype,
cultivation site and technique affect the total phenolic
content in fruit [42].
Total flavonoids
The isolation of flavonoids from biological samples is
important for the quantitative analysis. Because of the
complexity of the biological matrix, other components
could interfere in the analysis. The most common pro-
cedure used to evaluate the total flavonoid content is a
spectrophotometric assay, based on the formation of a
complex between the aluminium ion and the carbonyl
and hydroxyl groups of the flavonoids. Some works have
demonstrated that this procedure has different responses
depending on the flavonoid structure [43]. Our results
are expressed as mg. quercitin/100g frozen pulp.
The results regarding the total flavonoid content are
depicted in Table 3 and Figure 4; significant differences
can be observed in the total flavonoids content for all
the rose hips varieties that were analysed (p<0.05).
The results show variability in the content of flavonoids
in the hips of roses from sect. Caninae and are in agree-
ment with Montazeri et al. [44], who reported 104 mg
QE/100 g fresh weight for methanolic extract. Lower con-
centration in flavonoids was reported by Fattahi et al. [36]
with an average of 2 mg/100 mg rose hip, Adamczak et al.
[33] and Ghazghazi et al. [45] about 41 mg QE/100 g dry
fruit, respectivelly 0.11-0.41mg RE/ml extract. As for Rosa
canina L., Ghazghazi also reported an inverse ratio
Table 3 Total flavonoids content in frozen rose hip pulp
Sample Variety and form mg QE/100 g
frozen pulp
RC1 var. transitoria f. ramosissima (Bistrita-Nasaud Agiesel) 110.2±3.41f
RC2 var. transitoria f. montivaga (Bistrita-Nasaud, Salva) 101.3±3.33g
RC3 var. andegavensis f. transsilvanica (Salaj, Buciumi) 126.5±4.41c
RC4 var. andegavensis f. vinealis (Bistrita-Nasaud, Beclean) 119.6±3.58d
RC5 var. assiensis (Cluj, Manastur) 163.2±5.45a
RC6 var. lutetiana f. fallens (Satu-Mare, Petea) 137.2±4.83b
RC7 var. lutetiana f. flexibilis (Cluj, Feleac); 114.4±3.65e
RC8 var. lutetiana f. psilogyna (Arad, Galsa) 139.7±4.40b
Values are mean ±SD, n=3; in each column, mean values with different letters
are significantly different at p < 0.05.
Identical letters denote the lack of statistically significant differences at p<0.05.
Table 4 Total polyphenols and flavonoids content in
frozen rose hip pulp






RC1 575.1±14.64a 110.2±3.41f 0.19
RC2 548.3±11.31a 101.3±3.33g 0.18
RC3 343.4±12.02d 126.5±4.41c 0.37
RC4 534.7±18.50a 119.6±3.58d 0.22
RC5 335.5±11.31d 163.2±5.45a 0.49
RC6 326.3±5.65d 137.2±4.83b 0.41
RC7 472.6±13.40b 114.4±3.65e 0.24
RC8 424.8±9.89c 139.7±4.40b 0.33
Identical letters denote the lack of statistically significant differences at p<0.05.
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is in agreement with our results; for RC5, with the lowest
concentration of ascorbic acid (112 mg/100 g), the corre-
sponding flavonoids content is the highest (163.2 mg
QE/100 g), followed by RC6 with 147 mg/100 g vitamin C
and 137.2 mg QE/100 g frozen pulp.
Yoo et al. [37] reported a higher content in flavonoids
(400 mg QE/100 g fresh fruit) but in Rosa rubiginosa,
data which is in concordance with Adamczak et al. [33]
who obtained the highest concentration in flavonoids for
Rosa rubiginosa among other 11 species of Rosa L.
Table 4 illustrates the results for total phenolic and
total flavonoid content and the flavonoids/phenolics
ratio in the studied rose hips.
These data outline the richest phenolic sources – RC1,
RC2, RC4, but the total flavonoids have a smaller share
of total phenolics in comparison with RC5, with a ratio
of 0.49 and RC6 with a ratio of 0.41, which have the
lowest contents in total phenols. It could be supposedFigure 4 Total flavonoids content in RC1, RC2, RC3, RC4, RC5,
RC6, RC7, RC8 rose hip samples.that this is due to the rich abundance of anthocyanidines
in combination with the other flavonoids. The variation
of phenolic compounds content depends on fruits devel-
opment; in red coloured varieties (like RC1, RC2, RC4)
it increases during the ripening stage due to the maximal
accumulation of anthocyanines and flavonols [33]. The
phenolic acids prevail in RC1, RC2, RC4 and this fact
could explain the sour astringent taste.
Antioxidant activity
DPPH-scavenging activity assay
The radical scavenging activity of the methanolic Rosa
canina L. extracts was determined from its DPPH radical
quenching ability. Some studies showed that antioxidant
activity of plants extracts is correlated with total phenolics
rather than with individual phenolic compound [25], so
the total phenol content was investigated in this study. It
is important to state that different phenols develop differ-
ent activities, depending on their chemical structure
(phenolic acids, flavonols, antocyanidins, stilbens) and the
capacity for scavenging free radicals from these classes of
compounds differs. The antioxidant properties of a single
compound within a group can be different, that’s why the
same levels of phenolic compound do not necessarily
correspond to the same antioxidant responses [45].
The results are presented in Table 5 and significant
differences between Trolox concentration in all samples
analysed (Figure 5) can be observed.
Antioxidant activity of Rosa canina L. fruits ranged
from 63.35 μM Trolox/100 g sample for RC5 (var.
assiensis, Cluj, Manastur) to 127.8 μM Trolox/100 g
sample for RC1 (var. transitoria f. ramosissima, Bistrita-
Nasaud, Agiesel).
Our results, expressed in μg Trolox/ml, varied be-
tween 18.12 μg Trolox/ml for RC5 to 36.6 μg Trolox/ml
for RC1, which are in accordance with Wenzig et al. [46]
(13.7 μg Trolox/ml – 25 μg Trolox/ml) and Ghazghazi
et al. [45] (12.5 μg Trolox/ml - 22.6 μg Trolox/ml).
Table 5 Antioxidant activity for frozen fruit by DPPH
method
Sample Variety and form Antioxidant activity
μMTrolox/100 g pulp
RC1 var. transitoria f. ramosissima (Bistrita-Nasaud Agiesel) 127.8 ±1.41a
RC2 var. transitoria f. montivaga (Bistrita-Nasaud, Salva) 124.01±2.40a
RC3 var. andegavensis f. transsilvanica (Salaj, Buciumi) 98.26 ±1.53bc
RC4 var. andegavensis f. vinealis (Bistrita-Nasaud, Beclean) 108.02 ±2.78b
RC5 var. assiensis (Cluj, Manastur) 63.35±0.70d
RC6 var. lutetiana f. fallens (Satu-Mare, Petea) 91.82±3.16bc
RC7 var. lutetiana f. flexibilis (Cluj, Feleac); 107.30±2.23b
RC8 var. lutetiana f. psilogyna (Arad, Galsa) 102.27±3.69 b
Values are mean ±SD, n=3; in each column, mean values with different letters
are significantly different at p < 0.05.
Identical letters denote the lack of statistically significant differences at p<0.05.




















Figure 6 Correlation between the antioxidant activity and the
total polyphenols content.
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Phenolic compounds are considered to be a major group
of compounds that contribute to the antioxidant activ-
ities of botanical materials because of their scavenging
ability, made possible by their hydroxyl groups. The anti-
oxidant capacity of phenolic compounds is mainly due
to their redox properties, which allow them to act as
reducing agents, hydrogen donors, singlet oxygen
quenchers or metal chelators. Phenolics are believed to
be the major phytochemicals responsible for the antioxi-
dant activity of plant materials [47].
The relation between the polyphenols content and the
antioxidant capacity was determined by using linear corre-
lations. There was a good linear correlation (R2 = 0.713,
p < 0.05) between the total phenols content and the scav-
enging radical of the rose hip extracts (Figure 6). This
result indicated that the radical scavenging capacity of
each extract could be related to their concentration of
phenolic hydroxyl groups. The antiradical activity of phen-
olic compounds depends on their molecular structure, onFigure 5 Antioxidant activity expressed as μM Trolox/100 g
frozen rose hips.the availability of phenolic hydrogen, on the stabilization
possibility of the resulting phenoxyl radicals formed by
hydrogen donation, in a variety of extraction solvent polar-
ity and thus different extractability [41].
In previous studies dealing with correlations of the
phenolics compounds to DPPH, the scavenging activity
showed that the polyphenols were involved with a very
different coefficient of determination R2 = 0.723 [41];
R2 = 0.411 [48]; R2 = 0.086 [36].
For other wild fruits, the positive correlations between
the total phenols and the antioxidant activity, were
recorded by Egea et al. [12], Kilicgun et al. [11], Ghazghazi
et al. [46]. There are also reports concerning the lack of
correlations between the total phenolic compounds and the
radical scavenging [49]. The high free radical scavenging
capacity of wild fruits could also be attributed to the pres-
ence of other bioactive components, such as vitamin C,
tocopherols, pigments, as well as the interaction of these
compounds [50].
In our study, flavonoids are negatively correlated with
scavenging radical of the extracts as it can be observed
in Figure 7. This lack of a relationship is in agreement
with other reports [48] that also obtained negative cor-
relation. In other studies, a low correlation was obtained
[45,51,52], pointing out that flavonoids did not contrib-
ute to the antioxidant activity of some fruits.
Regarding the ascorbic acid and the radical scavenging
capacity, our study reveals a good correlation (R2 =
0.848) which is presented in Figure 8, being in accord-
ance with Samee et al. [53] (R2 = 0.7725).
The correlation between the ascorbic acid and the alti-
tude (Figure 9) with R2 = 0.802, suggests that the con-
tent in vitamin C increases with altitude. Due to the
decrease in the oxygen content at the high altitude,
plants get rid of oxidative stress and the vitamin C con-
tents increases. The respiratory rate of fruit is also
reduced at low temperature and at high altitude. As a
result, the decrease in oxygen concentration in fruit pre-
vents the degradation of the ascorbic acid in plants
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Figure 7 Correlation between the antioxidant activity and the
total flavonoids content.



















Figure 9 Correlation between altitude and ascorbic acid content.
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tration prevents the degradation of vitamin C in
plants. Biosynthesis and the accumulation of vitamin
C in fruits of rosehip are significantly influenced by
altitude.
Conclusions
The results obtained throughout this study show large
variability in the content of the active compounds of the
Rosa canina L. biotypes. The differences in the amount
of vitamin C, in the total polyphenols and flavonoids
content, were significant. The level of vitamin C content
in the rosehip fruit varies according to biotype and alti-
tude, depending on the geographic area of their origin,
with higher values at high altitudes. Same degree of vari-
ability was observed both individually as well as between
biotypes collected from the same geographical area or
from various areas. The results obtained show that there
are significant differences in the TPC values of the Rosa
canina L. varieties collected on different locations
throughout Transylvania. The total polyphenol content
(TPC) and the antioxidant activity are both parameters of


















Figure 8 Correlation between antioxidant activity and ascorbic
acid content.and both assays should be applied for the quality control
of rosehip fresh, frozen or dried. In this study, a high
correlation was proved between the total polyphenols,
the ascorbic acid content and the antioxidant scaven-
ging capacity.
The antioxidant activity of the rose hip extract could
be predicted by the total phenolics and ascorbic acid
which suggests that these fruits acted as antioxidant by
multiple components.
The conclusion drawn from this study was the fact
that two varieties could be selected from the eight bio-
types, considered as precious forms in terms of its high
content in biologically active substances: these are the
var. transitoria f. ramosissima (Bistrita-Nasaud, Agiesel),
altitude 1120 m and the var. transitoria f. montivaga
(Bistrita-Nasaud, Salva), altitude 950 m.
Experimental
Plant material
A total of eight Rosa canina L. varieties were selected
from: Cluj-Napoca, Satu-Mare, Bistrita-Nasaud, Salaj
and Arad regions. The samples were collected from dif-
ferent areas and altitudes (ranged between 275–1250 m).
These areas’ annual average temperature is somewhere
between 8.7°C and 10.8°C, specific for mountain vegeta-
tion or plain vegetation. However, several factors includ-
ing genotype, climate, region, harvesting time and
altitude, may be responsible for various chemical com-
position and consequently, activities [45].
From September to October 2011, rose hips of Rosa
canina L. were collected from spontaneous flora of
Transylvania. Plants were taxonomically identified and
the form and variety of each biotype to be analysed, was
determinate after a preliminary botanical analysis.
1. var. transitoria f. ramosissima (Bistrita-Nasaud, Agiesel);
2. var. transitoria f. montivaga (Bistrita-Nasaud, Salva);
3. var. andegavensis f. transsilvanica (Salaj, Buciumi);
4. var. andegavensis f. vinealis (Bistrita-Nasaud, Beclean);
5. var. assiensis (Cluj, Manastur);
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7. var. lutetiana f. flexibilis (Cluj, Feleac);
8. var. lutetiana f. psilogyna (Arad, Galsa).
Rose hips without calyxes were washed several times
with water and kept in a freezer at −20°C. Whole rose
hips were used for biochemical determination (content
of vitamin C, polyphenols, flavonoids and antioxidant
activity assays).Chemicals
Methanol, L-ascorbic acid standard 99%, were purchased
from Sigma Chemical Co. (Madrid, Spain). All others
chemicals were purchased from Merck (Darmstadt,
Germany).Vitamin C extraction and determination
Sample preparation
For the ascorbic acid extraction, 0.5 grams of frozen rose
hips, in three replicates each, was homogenised by
grinding the sample one minute with 2.5 ml 3% H3PO4
and 8% acetic acid in aqueous solution, followed by 10
minute centrifugation at 3000 rpm and the supernatant
was filtered through a 0.45 μm filter and kept at 4°C,
following the procedure described by Hernandez et al.
[55] with some modifications.HPLC separation and identification of ascorbic acid
The extract obtained was diluted 2 times in double
distilled water and injected into the HPLC system. The
HPLC analyses were carried out on the Agilent 1200
system with a UV–vis detector, using a reverse phase
Eclipse XDB-C18 column (150 × 4.6 mm), 5 μm. An
isocratic mobile phase was used: water/acetonitril/formic
acid 94/5/1 (v/v/v) with a flow rate of 0.5 ml/minute. All
chromatograms were monitored at 240 nm. The HPLC
peaks were assigned by spiking the samples with stand-
ard ascorbic acid (purity 99%) and comparing the UV
spectra and retention time (ascorbic acid 3.2 min). The
regression coefficient R2 of the calibration curve for as-
corbic acid (Y= 52356x - 2432.8) was 0.9949. Calibration
curve was obtained from 5 concentrations of external
standard (0.2-0.8 mg/ml). The limits of quantification
(LOQ) and detection (LOD) of ascorbic acid were
0.19 mg/ml and 0.057 mg/ml.
The results were expressed as: milligram ascorbic
acid/100 g frozen rose hip.Polyphenols extraction and determination
The total phenolics were determined by using the Folin-
Ciocalteu method of Singleton et al. [56].Polyphenols extraction
About 2 grams of frozen rose hip, in three replicate, was
extracted by grinding the sample with 10 ml of acidified
methanol (90:10 v/v, MeOH/HCl 37%). The homogenate
was sonicated for 30 minutes, centrifuged at 3500 rpm
for a period of 10 minute. The extract was separated and
the residual tissue was re-extracted three times. The fil-
trates were combined in a total volume extract, filtered,
dried using a rotary evaporator set at 40°C, dissolved in
methanol and kept at 4°C for further analyses.
Total polyphenols quantification (TPC)
The methanolic extracts (1ml) were added to a 100ml
volumetric flask; 60 ml water and 5 ml Folin-Ciocalteu
reagent were added and mixed. After 5 min., 15 ml of
7.5% Na2CO3 solution was added with the mix. The
solution was diluted to the volume of 100 ml with
ddH2O and then allowed to stand for 90 min. in the
dark. The absorbance was measured on a multidetection
BIOTEK spectrophotometer at 750 nm. The total poly-
phenols content was calculated using a calibration curve,
expressed as mg gallic acid/ ml extract (R2 = 0.994) and
then reported to 100 g frozen material.
Flavonoids extraction and determination
The total flavonoids content was measured by the AlCl3
colorimetric assay according to Zhishen et al. [57].
Flavonoids extraction
5 grams of frozen rose hip, in three replicate, was
extracted by grinding the sample with 10 ml of acidified
methanol (90:10 v/v, MeOH/HCl 37%). The homogenate
was sonicated for 30 minutes, centrifuged at 3500 rpm
for a period of 10 minute. The extract was separated and
the residual tissue was re-extracted three times. The
filtrates were combined in a total extract, separated,
filtered and purified on an Amberlite XAD-4 column
(20 cm height/2 cm diameter/ 20 grams resin) with acid-
ified ddH2O (pH = 2) and methanol. A volume of 2 ml
sample was washed with 100 ml acidified water
(pH = 2), then with 300 ml distilled water for carbohy-
drates removal and finally with 300 ml methanol. The
purified extracts were evaporated using a rotary evapor-
ator set at 35°C to a volume of 3.5 ml.
Flavonoids determination
An aliquote (0.1 ml) of extracts was added to 10ml volu-
metric flask containing 4 ml ddH2O. Then, 0.3 ml 5%
NaNO2 solution was added. After 5 minutes 0.3 ml 10%
AlCl3 solution was poured into the flask and maintained
for another 6 minutes, after which 2 ml 1M NaOH solution
was added. The total volume was completed up to 10ml
with ddH2O. The solution was mixed and the absorption
was measured at 510 nm. The total flavonoids content was
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quercetin/ml extract (R2 = 0.986) and then reported to
100 g frozen material. Samples were analysed in triplicates.
Antioxidant activity determination (DPPH)
The DPPH scavenging activity assay was registered
according to the method reported by Brand-Williams
et al. [58]. 80 μM of DPPH solution was freshly prepared
in 98% methanol and sonicated for 15 min. 2800 μl of
DPPH solution was allowed to react with 400 μl sample
and the absorption was measured at 515 nm, for 60 min
on a multidetection BIOTEK spectrophotometer. The
chemical kinetics of the extracts were recorded and the
antioxidant capacity was calculated using a calibration
curve, expressed in μM Trolox/L (R2 = 0.999).
The antioxidant activity was calculated as follows:
% DPPH scavenging activity ¼ 1 Asample=Acontrol t¼0
  
⋅100
The results are then reported as μM Trolox equivalent/
100 g frozen sample.
Statistical analysis
Experimental results were expressed as mean ± standard
deviation (SD). All measurements were replicated three
times and the data were analysed using analysis of variance.
In order to determine the significant differences between
values, an analysis of variance (ANOVA) and a Newman-
Keuls multiple Comparative Test were performed. Signifi-
cance of difference was defined at the 5% level (p < 0.05).
All statistical analysis was carried out using the Graph Pad
Version 4.0 (Graph Pad Software Inc; San Diego, CA,
USA).
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